We investigate the dephasing effect of the Kondo singlet in an Aharonov-Bohm interferometer with a quantum dot coupling to left and right electrodes. By employing the cluster expansions, the equations of motion of Green functions are trans- 72.15.Qm, 75.20.Hr Controlled dephasing experiments in mesoscopic devices provide an excellent playground for probing the nature of phase coherence transport and studying the wave-particle duality in quantum mechanics. In the devices, coherence of the quantum dots (QD) was monitored by an Aharonov-Bohm interferometer (ABI), and decoherence was induced by 1
where α = L, R denotes the left or right electrode, and σ =↑, ↓ denotes spin up or down.The first term describes electrons in the left and the right electrodes, and the second one describes electrons of the quantum dot. The third one corresponds to the on-site
Coulomb interactions, and U is the on-site Coulomb repulsion. The fourth one describes the tunneling through the quantum dot, and V α represents the s − d hybridization. The last one describes the tunneling of electrons between two electrodes via the direct channel, and T LR is the direct electron transmission. The Aharonov-Bohm phase φ = 2πΦ × e/hc is included in the tunneling matrices as V L T LR V R = |V L T LR V R |e iφ . Φ is the magnetic flux enclosed in the Aharonov-Bohm ring.
Following Zubarev [8] , the retarded Green's function A(t); B(t ′ ) is defined as
By the Fourier transformation of the time variable, the retarded Green's function satisfies the following equation:
Eq. (3) is named as the equation of motion(EOM) of Green's function for the Hamiltonian(1), which can be expressed specifically as follows:
instead of employing directly Lacroix decoupling scheme [9, 10] , we make use of a cluster expansions to separate the connected part of the Green's function. As an example, the high-order Green's function nσd σ ; d † σ is expressed as follows:
where · · · c represents a connected Green's function and it is straightforward to derive the EOM. We write down the EOM of the connected Green's function nσd σ ; d † σ c as follows:
It is not difficult to obtain the EOM of the other connected Green's function such as nσC αkσ ; d lation of two conduction electrons, and to assume higher-order correlation Green's functions to be zero. After a lengthy but direct calculation, in the limit of
is obtained finally as
and the average functions d † σ C αkσ and C † α ′ k ′σ C αkσ can be calculated by spectral theorem as follows
where
For the sake of simplicity, we have considered the nonmagnetic case, i.e., n d↓ = n d↑ = n/2, which n is total d electron number where
is the density of states with finite temperature. Equations (7)-(12) constitute a closed set of equations, which can be solved self-consistently and numerically.
In the following we calculate the density of states (DOS) of the QD in the Kondo regime by ρ(T, ω) = −(1/π)ImG dσ (ω). Because only the conduction electrons near the Fermi level ε F participate in the transport current, the DOS for conduction electrons is taken to be a constant ρ(ε) = 1/(2D) as −D < ε < D, and the quantum dot level broadening is given by ∆ = π|V α | 2 ρ(ε) [11] . The Fermi energy ε F (meV) is reference mark of the unit of energy [7] . The parameters are considered in the following. The hopping matrix element V α between the quantum dot and the electrodes is taken to be 0.1, and the tunneling matrix element T LR is taken to be 0.01, which describes the electron direct transmission between two electrodes via direct channel. The total number of the d electron is taken to be 0.8, which determines self-consistently the chemical potential and the numerical value can ensure that the relative position of the level ∆ε = ε F − ε d lies in the Kondo regime. The half width D is assumed to be 1, which defines the energy scale.
The d electron level ε d is taken to be 0. The magnetic flux Φ enclosed in the ring is taken to be 0.5hc/e and the virtual dot level broadening ∆ = 0.01D. Figure 1 presents the DOS at the very low temperature (T = 10 −5 ∆ which is lower than Kondo temperature [12] ). The Lorentzian resonance peak, which is the broadened quantum dot level, is slightly shifted away from zero. At the Fermi level a Kondo resonance peak is observed.
The current from the left to the right electrode can be calculated from the time evolution of the occupation number of the left electrode:
kL,σ C kL,σ , Using the Green function of the Keldysh type [13] G < dLkσ (t, t) and G < CLkσ,CRk ′ σ (t, t) corresponding to the states at the dot and in the left electrode and the states in both the electrodes respectively, the current can be expressed as
According to the Langreth's rule and using steady-state condition I =
, the current can be expressed as
For the zero bias voltage we find the conductance 
